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CuSO4 is widely used as pesticides for killing slug and snails.
Because of its excellent electrical conductivity, catalytic behav-
iour, good compatibility and surface enhanced Raman scatter-
ing activity, Cu nanoparticles have drawn the attention of
scientists because it is used as an essential component in the fu-
ture nano-devices (Pergolese et al., 2006). Cu nanoparticles
have been explored to be used as nanoprobes in medicines
and bio-analytical areas (Takenori and Akiya, 2009). Unsup-
ported copper nanoparticles were extensively used as catalyst
for research in the 1,3-Dipolar Cycloaddition of Terminal Al-
kynes and Azides (Dhas et al., 1998). Nanoparticles are a class
of materials with the properties different from their character-istics and ﬁnd use in different areas such as electronic, mag-
netic, pharmaceutical, cosmetic energy, catalytic and
materials applications. A large number of nanoparticles have
been prepared most frequently by dispersion of performed
polymers (Kompella et al., 2001) solvent evaporation method
(Kwon et al., 2001) and ionic gelation method (Calvo et al.,
1997). In order to produce small particle size, often a high
speed homogenization or ultrasonication may be employed.
Conventional methods such as solvent extraction–evaporation,
solvent diffusion and organic phase separation methods are
hazardous to the environment as well as physiological system.
The most popular Cu(I) and Cu(0) nanoparticles (Shin-ichi
et al., 2007; Mitamura and Ogawa, 2009) emerged as useful
and unique green catalysts. The most popular strategies in-
volve coupling of carboxylic acid or its derivative with 2-ami-
nophenols followed by dehydration catalysed by strong acids
or radical (Liu et al., 2009) and cyclization (Wei et al., 2010)
of Schiff base derived from the condensation of 2-aminophe-
nols and aldehydes with K2CO3 (Ziessel et al., 1996). The
important reaction of Cu salts for the synthesis of diaryl ethers
by aryl halide with an alkali metal aryl oxide (Ma et al., 2003).
These transition metal nanoparticles (Xiaobing et al., 2009)
have been found useful in the synthesis of heterocyclic
compounds (Recaux et al., 2002) and their derivatives. These
368 S. Chandra, A. Kumarcompounds were widely used in the treatment of hypertension
(Sato et al., 1988), allergies (Reddy and Somayajulu, 1981) and
many other popular diseases. The various metals and non-me-
tal based catalysts have been investigated for the asymmetric
nitroaldol reaction with chiral ligands such as BINOL, amino
alcohol, bis(oxazoline) bis(thiazoline), bis(imidazoline), sulfo-
nyl diamine, salen, Schiff bases, thiols, thiophene, bipiperidine,
aminopyridine, and oxabispidines (Constable et al., 2009;
Zhang et al., 2008). But in our methodology the product is bet-
ter as compared to other catalysts. The continuing efforts of
laboratory toward the synthesis and catalytic activity of Ag-
metal nanoparticles (Chandra and Kumar, 2011a,b; Chandra
et al., 2014a,b) in new synthetic methodology have been inves-
tigated. We report herein the recyclable Cu-nanoparticles: efﬁ-
cient catalyst for the selective cyclization of Schiff bases via
condensation of salicylaldehyde and amines.
2. Experimental
2.1. Reagents and measurements
Copper nitrate was obtained from Merck specialties Pvt. Ltd.,
salicylaldehyde was obtained from Acros organics. Benzil and
diethylenetriamine were purchased from Loba chemie and Te-
dia Company. Solvents were used of AR grades. Melting point
was determined using Thomas Hoover melting point
instrument. I.R spectra were recorded on Perkin–ElmerC
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Scheme 1 The schematic formation of Cu(0) nanoparFTIR-1710 spectrophotometer using KBr, 1H NMR spectra
were recorded on FT NMR Hitachi R-600 (60 MHz). Thin
Layer Chromatography (TLC) was performed on preloaded
Merck silica gel 60 F 254 Plates using 20% Ethyl acetate in
n-hexane as eluent. Elemental data were obtained by using a
Perkin–Elmer 240C CHN elemental analyser. Elico model
LI-610 pH meter was used for pH in the present study. The size
of nanoparticles was conﬁrmed through quasi elastic light scat-
tering data (QELS) and transmission electron microscopy
(TEM). The transmission electron microscopy (TEM) images
of nanoparticles were obtained with a JEOL JEM-1200EX
transmission electron microscope operating at 120 kV with
an energy dispersive spectrometer (EDS). The catalytic yields
were determined using ACME6000 series Gas chromatogra-
phy instrument equipped with a ﬂame ionization detector
(F.D) using a DP-5 column of 30 m length, 0.53 mm diameter
and 5.0 lm ﬁlm thickness. The mass spectra were recorded on
JEOL NMS DX 303 at 70 eV or on a KC455 Waters TOF MS
spectrometer. Powder XRD was recorded on Philips
X-Ray PW3710 in the ranges from 2h  10 to 90.
2.2. Synthesis of ligand (Chandra et al., 2012)
To an ethanolic solution (20 cm3) of diethylenetriamine
(0.002 mol), an ethanolic solution of benzil (0.002 mol) was
added. The solution was cooled to ca. 5 C and then 1–2 drops
of dil. HCl was added. The mixture was stirred and reﬂuxedEthanol
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Scheme 2 Synthesis of heterocyclic compounds.
Figure 1 (A and B). The TEM images of Cu(0) nanoparticles.
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washed with ethanol and dried under vacuum over P4O10.
Yield: 70% (Scheme 1).
2.3. Synthesis of Cu nanoparticles
Cu(NO3)23H2O (0.02 mol) was dissolved in 10 cm3 ionized
water. To this solution, a hot ethanolic solution 10 cm3 of li-
gand benzildiethylenetriamine (0.004 mol) was added. After
being stirred and reﬂuxed for (1.5–2.0 h) at moderate temper-
ature, the colour of the solution became pale blue to black. On
keeping the solution overnight, the copper nanoparticles were
formed and separated out from the solution by centrifugation
(6000 rpm, 10 min). The particles were cleaned with acetone
and dried at room temperature for 24 h.
2.4. Catalytic activity of Cu-nanoparticles
To a methanolic solution of salicylaldehyde (0.001 mol),
RNH2 (0.001 mol) was added in 50 cm
3 round bottomed ﬂask.
Now in this mixture Cu nanoparticles (15 ± 2 nm,
0–25 mol.%) using 2 equivalent of K2CO3/KHCO3/Na2CO3
as the base in methanol were dispersed at room temperature.
The solution was stirred and reﬂuxed at 60–100 C. The extent
of reaction was monitored by TLC. After completion of the
reaction the mixture was diluted with distilled water and the
product extracted with ethyl acetate. The organic layer was
dried over anhydrous Na2SO4 and the solvent was removed
in vacuo. The crude product was subjected to puriﬁcation by
silica gel chromatography using 20% ethyl acetate in petro-
leum ether as an eluent to yield the product (Scheme 2).
3. Results and discussion
Our synthetic approach on the Cu nanoparticles involves three
steps (Scheme 1). In ﬁrst step, synthesis of reducing agent by
treating diethylenetriamine with benzil, in second step forma-
tion of nanoparticles by the addition of copper nitrate in eth-
anol and in third step, centrifugation (6000 rpm, 10 min) ofnanoparticles from the above solution, to remove the crude
products. The successful synthesis of Cu-nanoparticles has
been reported (Chandra et al., 2014b). The TEM images show
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Figure 2 The particle size distribution of Cu(0) nanoparticles
curve synthesized in different solvents.
Figure 3 The recyclability of Cu(0) nanoparticles.
370 S. Chandra, A. Kumar(Fig. 1A and B) that the Cu-nanoparticles are in nano-range
and approximately spherical in shape. The powder XRD
shows the crystalline nature (2h  42.1) with peaks corre-
sponding to Cu nanoparticles. The size of nanoparticles
prepared in molar concentration with solvent to reducing
agent was conﬁrmed as 15–20 nm through QELS data. The
average size of nanoparticles was 15 ± 2 nm. Crystalline size
‘D’ was obtained by measurement of the broadening of diffrac-
tion lines and applying the Debye-Scherer formula (Klug and
Alexander, 1962; Rani et al., 2008).
D ¼ 0:94k
bCosh
where k the wavelength of XRD radiation, b the full width at
half maximum of the peak corresponding to the plane, h angle
obtained from 2h value corresponding to XRD pattern. Parti-
cle size distributions of Cu-nanoparticles in methanol, ethanol,
water, acetonitrile, cyclohexane and dimethylsulphoxide are
shown in Fig. 2. This shows that the ethanol is a good solvent
for the synthesis of Cu nanoparticles. This shows that more
concentration of reducing agent decreases the size of the Cu
nanoparticles. Salicylaldehyde was chosen as a representative
aromatic aldehyde to optimize the reaction parameters. The
catalytic activity was checked by varying amount of Cu nano-
particles. The catalytic activity was checked by varying
amount of Cu nanoparticles Table 1. Thus 1 mmol of ethyla-Table 1 The catalytic activity was checked by varying amount of C
Entrya Cu nanoparticles
(x mol.%)
Time
(h)
1 0 4.5
2 10 4.0
2 15 3.5
3 20 2.5
4 25 2.0
a Reaction condition: 1.0 equivalent of salicylaldehyde, 1.0 equivalent of
Cu nanoparticles (15 ± 2 nm); solvent-methanol; 40–80 C; O2 (1 atm).
b Isolated and unoptimized yields.mine was treated with varying amount of salicylaldehyde using
2 equiv. of K2CO3/KHCO3/Na2CO3 as the base in the pres-
ence of 25 mol.% of Cu-nanoparticles in methanol. The best
result was obtained on treating 1 mmol salicylaldehyde with
1 mmol of ethylamine in the presence of base K2CO3 due to
basicity and absorbance of proton ion in the mixture. To our
delight, we observed the formation of product in 75–98% yield
after 3 h. The recyclability of Cu nanoparticles is shown in
Fig. 3, which shows that as per trials the catalytic yield de-
creases. The mechanism of the catalytic action of nanoparticles
is dependent on the nanoparticles’ size. The maximum resul-
tant was observed for an average particle diameter of about
15 nm. With a decrease in particle size, a trend of decreasing
reaction was found less than a diameter of about 15 nm, while
those above this diameter showed a steady decline of reaction
rate with increasing size. The synthesized heterocyclic com-
pounds were unambiguously established on the basis of their
spectral analysis (IR, 1H NMR and mass spectral data)
(Table 2).4. Conclusions
Cu(0) nanoparticles can be prepared from the reduction meth-
od which is greener and environmentally suitable, cheap and
best as compared to conventional methods. This method
avoids the usage of toxic solvent and polymers. A novel, easy,
and economical method for the synthesis of imine Schiff base
using Cu as a catalyst is carried out. This process is simple and
allows the formation of biologically active compounds inu nanoparticles.
Yieldb %
in K2CO3
Yieldb %
in KHCO3
Yieldb %
in Na2CO3
00 00 00
85 73 60
87 76 65
90 79 69
91 80 70
Ethyl amine, 2.0 equivalent of K2CO3/KHCO3/Na2CO3, 0–25 mol.%
Table 2 The synthesized Schiff bases were unambiguously established on the basis of their spectral analysis.
Aliphatic amine Product HR-MS M+ FT-IR (KBr)
(cm1)
1H NMR CDCl3
(60 MHz)
Time
(h)
Yieldb %
in K2CO3
Yieldb %
in KHCO3
Yieldb %
in Na2CO3
Ethyl amine O
CH
CH CH3
N
146.1 1619, 1248, 1040 2.12 d (s, 4H, CH–CH3),
1–2 d (s, 1H.Cyl), 6.5 d
(s, 4H, Ar–H), 6.02 d
(brs, H, NH).
3.3 98 85 77
Ethylene diamine O
CH
CH CH2
N
NH2
161.0 3142, 1622, 1255, 1248 2.06 d (s, 3H, CH–CH3),
1–2d (s, 1H.Cyl), 6.32 d
(s, 4H, Ar–H), 6.5 d (brs,
2H, NH2), 6.12 d (brs, H,
NH)
3.5 97 84 75
Diethylene triamine O
CH
CH CH2
N
NHC2H4NH2
204.0 3410, 3135, 1623, 1243 2.0 d (s, 7H, CH–CH3),
1–2 d (s, 1H.Cyl), 6.4 d
(s, 4H, Ar–H), 6.7d (brs,
2H, NH2), 6.08 d (brs, H,
NH)
3.0 98 85 76
aReaction condition: 1.0 equivalent of salicylaldehyde, 1.0 equivalent of aliphatic amine. 2.0 equivalent of K2CO3/KHCO3/Na2CO3, 25 mol.% Cu-nanoparticles (15 ± 2 nm); solvent-methanol; 40–
80 C; O2 (1 atm).
b Isolated and unoptimized yield.
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372 S. Chandra, A. Kumarexcellent yields (80–95%). This offers competitive advantage
such as recyclability of the catalyst.Acknowledgements
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